The pathogenesis of non-insulin-dependent diabetes mellitus (NIDDM) is determined by abnormalities of insulin secretion and by insulin resistance of the major target tissues. In particular, insulin resistance of the skeletal muscle appears to play a pivotal role in the pathogenesis of the disease [1] . It appears that an impaired signalling capacity of the insulin receptor contributes to the pathogenesis of skeletal muscle insulin resistance as many studies have reported that autophosphorylation or substrate phosphorylation of the insulin receptor tyrosine kinase isolated from diabetic skeletal muscle is reduced (reviewed in [2] ). The molecular mechanisms responsible for the reduced activation of the insulin receptor kinase in NIDDM patients have not yet been identified. Experimental conditions such as stimulation of cells by phorbol esters, hyperglycaemia and catecholamines are able to regulate insulin receptor function (reviewed in [2] ) and are of particular importance as they suggest that activation of protein serine/threonine kinases might be involved in receptor kinase inhibition. Among the serine kinases which might be involved in insulin receptor inhibition protein kinase C (PKC) is one candidate with potential pathophysiological relevance. PKC plays a key role in transmembrane signal transduction of several hormones, growth factors, and neurotransmitters. In recent years several isoenzymes have been identified and characterized according to Diabetologia (1997) their molecular and biochemical properties [3] . They represent a family of structurally and functionally related serine/threonine kinases which are derived from multiple genes as well as from alternative splicing of single mRNA transcripts. The isoforms differ in their regulatory domains and in their dependence on Ca 2+ , as well as in their tissue distribution. Due to these characteristics, PKC isoforms can be subdivided into three major groups: classical, Ca 2+ -dependent cPKC isoforms (a,
, and atypical aPKC isoforms (z, l ) [3] . Activation of PKC seems to be associated with intracellular redistribution of the enzyme. In its unstimulated state PKC is localized in the cytosolic fraction, whereas stimulation of the enzyme causes translocation to the plasma membrane [3] .
Insulin receptor (IR) inhibition has been observed in several cell systems after phorbolester treatment [4] [5] . Recently we obtained evidence that IR inhibition induced by hyperglycaemia is also mediated by PKC [6] . However, it remains unclear which PKC isoform is responsible for the inhibitory modulation of the insulin receptor tyrosine kinase (IRK). The aim of the present study was to investigate which PKC isoform might be a candidate for an IR inhibiting serine kinase. To address this question we performed coexpression studies of the IR with different PKC isoforms in HEK 293 cells.
Materials and methods
Materials. Cell culture reagents and fetal calf serum (FCS) were purchased from Gibco (Eggenstein, Germany); culture dishes were from Greiner (Frickenhausen, Germany). Porcine insulin, aprotinin, phenylmethylsulphonyl fluoride (PMSF), (TPA), Na 3 VO 4 , Triton X-100, Tween 20 and dithiothreitol (DTT) were from Sigma (Munich, Germany). The reagents for SDS-PAGE and Western blotting were obtained from Roth (Karlsruhe, Germany) and Biorad (Munich, Germany). Nitrocellulose was from Schleicher & Schuell (Dassel, Germany). Visualization of immunocomplexes after Western blotting was performed with the non-radioactive enhanced chemiluminescence system (ECL Amersham, Amersham, UK). AntipTyr antibodies (Py20) were from Leinco Technologies, USA. The IR antibody against the C-terminal domain of the b -subunit (aIR) was described earlier [6] . Polyclonal PKC isoform antibodies were purchased from Gibco. Western blotting. After electrophoresis, proteins were transferred to nitrocellulose by electroblotting (transfer buffer: 20 mmol/l NaH 2 PO 4 and 20 mmol/l Na 2 HPO 4 , pH 8.8). After transfer, the nitrocelluloses were blocked with NET buffer (150 mmol/l NaCl, 5 mmol/l EDTA, 50 mmol/l Tris, 0.05 % Triton X-100 and 0.25 % gelatine, pH 7.4) for 1 h. Subsequently, they were incubated with the first antibodies (aPy20, a CT104 or PKC antibodies in NET buffer) overnight at 4°C. The nitrocellulose membranes were washed 4 × 10 min with NET buffer before incubating with horseradish peroxidase-conjugated anti-rabbit IgG or anti-mouse IgG for 1 h at room temperature. Visualization of immunocomplexes was performed by ECL. To remove antibodies before reblotting, the nitrocellulose was incubated in 62.5 mmol/l Tris-HCl, pH 6.8, 2 % SDS and 100 mmol/l b -mercaptoethanol for 1 h at 55°C.
Results
To elucidate which PKC isoforms might be able to modulate the tyrosine kinase activity of the IR we coexpressed in HEK 293 cells the human IR and different PKC isoforms (a, mol/l) for 10 min to activate PKCs and then stimulated with insulin for 5 min. Whole cells lysates were separated on a 7.5 % SDS-PAGE, blotted onto nitrocellulose and immunodetected with anti-phosphotyrosine antibody (Fig. 1, panel A) . The expression of the IR or of the PKC isoforms was determined by reprobing nitrocellulose filters with anti-IR (panel B) or anti-PKC antibodies (panel C), respectively. As can be seen in Figure 1 show a decreased receptor autophosphorylation when considering the increase in IR in these cells compared to the control. The different intensities of PKC staining of the isoform specific antibodies used in Figure 1 panel C does not reflect different expression levels but different antibody affinities, as verified by use of a pan-PKC antibody (panel D). Figure 2 summarizes the densitometric quantification of five independent experiments. Tyrosine phosphorylation of the IR expressed alone was set as 100 %, and the phosphorylation of the IR coexpressed with a PKC isoform compared. In the presence 
Discussion
In an earlier study we demonstrated that in rat-1 fibroblasts hyperglycaemia induced the inhibition of IR autophosphorylation [6] . This effect was mediated by activation and translocation of members of the PKC family to the cell membrane. The data presented in this study suggest that members of the PKC family of protein kinases are capable of interacting directly with the IR in a specific way, probably phosphorylation on serine or threonine residues, that causes inhibition of autophosphorylation.
The interaction of PKC v is expressed more strongly in skeletal muscle, and in rat soleus muscle it has been found to translocate to the cell membrane upon insulin treatment [9] . On the other hand acute hyperglycaemia causes in rat skeletal muscle a translocation of PKC b [10] . The data available so far provide only very indirect evidence that PKC b might be involved both in insulin downstream signalling as well as inhibitory feedback loops modulating insulin signalling. New experimental approaches involving specific PKC b inhibition might in the future provide more direct evidence for the role of this PKC isoform in the modulation of insulin signalling in target tissues.
